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Section  I 

INTRODUCTION 

With  the  continuing  development  of  new  aircraft,  helicopters,  and  larger  propulsion  systems, 
considerable  eflFort  has  been  made  to  document  the  noise  and  vibration  environments  generated 
during  inflight  and  ground  operations.  This  documentation  is  needed  to  provide  the  necessary 
information  to  evaluate  the  effects  of  such  environments  on  structures  and  personnel  and  to  estab¬ 
lish  requirements  for  ear  protection  and  communication  systems.  Accurate  description  of  the  noise 
sources  provides  further  information  for  proper  noise  control,  and  the  data  can  be  used  by  air  base 
planners,  to  evaluate  community  response  to  aircraft  operations.  Documentation  of  vibration  en¬ 
vironments  present  in  these  aerospace  systems  are  of  interest  for  biomechanical  evaluations  in  the 
frequency  range  from  dc  to  30  Hz.  Data  acquired  are  used  for  simulation  studies  in  the  laboratory 
to  establish  vibration  tolerance  criteria  for  crewmembers. 

f^DRTAPAK  is  a  single  channel  recording  system  for  the  recording  of  either  acoustic  or 
vibration  environments.  This  portable  system  was  designed  for  use  in  aircraft  or  in  the  field  under 
conditions  that  restrict  the  use  of  larger  and  heavier  recording  equipment.  The  PORTAPAK  is  a 
light-weight,  self-contained  recording  system  consisting  of  a  tape  recorder  and  associated  circuitry, 
a  condenser  microphone  as  an  acoustical  transducer,  and  a  linear  servoaccelerometer  as  the  vibra¬ 
tional  transducer.  A  complete  description  of  the  system  and  its  performance  characteristics  for 
both  acoustical  and  vibrational  recording  capability  are  given.  Wow  and  flutter  measurements  in¬ 
cluding  sensitivity  of  the  complete  system  when  exposed  to  a  noise  field  in  excess  of  a  150  dB 
sound  pressure  level  are  presented  and  characteristics  of  the  PORTAPAK  are  compared  with  lab¬ 
oratory  recording  systems.  In  addition,  specifications  of  the  equipment  and  components  incor¬ 
porated  into  the  system  are  listed  in  Appendix  I.  ' 
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Section  II 

DESCRIPTION  OF  SYSTEM 

PHYSICAL  CHARACTERISTICS 

Measurement  of  noise  and  vibration  environments  in  the  field  around  aircraft  and  other  noise 
generating  systems  and  during  inflight  operations  often  requires  elaborate  recording  systems, 
consisting  of  a  tape  recorder,  a  condenser  microphone  as  the  transducer,  and  other  associated 
equipment.  In  many  cases,  however,  the  physical  size  of  the  conventional  equipment  with  its 
power  requirements  prohibits  data  acquisition  on  board  an  aircraft  or  at  remote  ground  stations. 
Especially  with  the  development  of  new  aircraft  such  as  the  F-4C  and  F-111,  space  limitations  for 
the  installation  of  such  tape  recorder  and  associated  equipment  restrict  data  acquisition  during  in¬ 
flight  operations. 

These  restrictions  and  space  limitations  led  to  the  development  of  a  special  recording  system 
with  physical  and  electrical  design  considerations  that  eliminate  previous  deficiencies. 

The  physical  layout  and  characteristics  of  the  PORTAPAK  are  such  that  it  can  be  used  for 
most  any  single-channel  survey  on  the  ground  or  in  any  aircraft.  Under  these  conditions,  ease  of 
operation  is  maintained,  the  controls  and  meters  are  easily  accessible,  and  the  auxiliary  equipment 
including  the  transducers  is  stored  in  the  same  case.  Fig.  1  shows  the  recording  system  with  the 
transducers  and  its  calibrator  in  place. 


Fig.  1.  The  Portable  Instrument  Package  (PORTAPAK) 
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The  portable  system  weighs  only  30  pounds  and  the  overall  dimensions  are  17  inches  wide, 
by  14%  inches  deep,  by  5%  inches  high.  It  can  be  handcarried  on-board  an  aircraft  and  operated 
without  using  aircraft  power.  In  a  field  survey  when  conventional  measurement  methods  are  ap¬ 
plied  (250  ft  walk  around)  the  system  can  be  carried  by  means  of  a  shoulder  strap. 

The  operating  controls  including  the  VU  Meter  are  located  at  the  front  of  the  system  with  the 
exception  of  the  tape  transport  control  knob,  which  is  accessible  from  the  top  of  the  tape  recorder. 
These  controls  are  protected  during  transportation  by  a  removable  cover  attached  by  latching  de¬ 
vices  to  the  main  case  and  incorporates  a  handle  for  convenient  transport.  Tape  threading  is  ac¬ 
complished  in  the  conventional  manner  at  the  top  where  tape  reels  and  head  assembly  are  located. 
The  tape  transport  and  head  assembly  is  also  protected  by  a  hinged  lid  in  which  two  extra  tape 
reels  and  the  condenser  microphone  with  its  cable  are  stored  when  the  system  is  not  in  use.  The 
top  cover  plate  contains  the  acoustical  calibrator  which  is  used  to  apply  an  acoustical  signal  for 
calibration  of  the  system  in  the  field.  During  operation  the  tape  motion  can  be  observed  with  the 
top  cover  closed  through  a  window  at  the  front  panel. 

At  the  right  side  of  the  case,  the  connectors  for  the  transducers,  aircraft  communication  sys¬ 
tem  and  data  output  are  located  as  shown  in  fig.  2.  These  connectors  are  recessed  in  such  a  way 
as  to  prevent  damage  during  transportation. 


OUTPUT 


AIRCRAFT  LINEAR 
INTERCOM.  ACCELEROM. 


INPUT  • 


Fig.  2.  Side  View  of  the  Connector  Panel 

The  case  was  designed  and  fabricated  to  provide  a  protective  housing  for  the  equipment  ex- 
posed  to  the  environments  associated  with  aircraft  operations.  The  tape  recorder  is  shock  mounted 
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by  foam  rubber  glued  to  the  inside  and  in  addition  rubber  feet  are  mounted  at  two  sides  of  the 
case  to  prevent  severe  shocks  dining  transportation  and  handling  of  the  system. 

ELECTRICAL  CHARACTERISTICS 

A  recording  system  for  noise  and  vibration  environments  must  meet  certain  electrical  require¬ 
ments  to  obtain  the  most  faithful  recording  and  reproduction  of  a  complex  signal.  A  frequency  re¬ 
sponse  from  20  to  20  kHz  ±2  dB,  low  distortion  (less  than  1%),  and  a  high  signal  to  noise  ratio  of 
the  microphone,  tape  recorder  and  its  associated  signal  conditioning  circuitry  are  significant  fac¬ 
tors  in  the  design  of  such  a  system.  Gain  and  attenuation  for  the  signal  to  he  recorded  must  be 
provided  to  increase  the  dynamic  range  of  the  recording  system  and  the  recording  time  must  be 
suflBcient  for  continuous  recording  of  data  samples  with  larger  durations.  In  addition,  the  speed 
stability  of  the  tape  recorder  to  be  used  in  a  system  must  be  compatible  with  laboratory  instru¬ 
mentation  recorders  to  facilitate  an  accurate  reproduction  of  the  recorded  data  in  the  laboratory. 

In  designing  the  PORTAPAK  equipment,  components  were  selected  that  meet  the  require¬ 
ments  for  an  overall  system  performance  as  stated  above.  Its  simplified  functional  block  diagram 
is  shown  in  fig.  3.  The  output  from  the  condenser  microphone  and  its  battery  operated  cathode 
follower  is  apphed  to  the  input  connector  for  the  acoustical  transducer.  The  microphone  system 
is  properly  impedance  matched  through  an  operational  amplifier,  and  the  signal  applied  to  the 
tape  recorder  can  be  amplified  or  attenuated  in  increments  of  5  dB,  from  —15  dB  to  -l-30  dB.  The 
signal  from  the  vibration  transducer,  a  linear  servo  accelerometer,  is  attenuated  by  an  operational 


Fig.  3.  Simplified  Block  Diagram  of  the  Recording  System 
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amplifier  which  drives  a  voltage  controlled  oscillator.  This  FM  signal  is  recorded,  and  it  contains 
the  signal  from  the  vibration  transducer  in  the  frequency  range  from  0  to  30  Hz.  Voice  annotation 
can  be  recorded  by  connecting  a  headset  (H-157)  or  helmet  to  the  front  jack  of  the  PORTAPAK. 
During  inflight  recordings,  the  PORTAPAK  can  be  connected  with  the  aircraft  intercom  system. 
In  this  case  the  pilot  and  the  operator  can  communicate  with  each  other  and  the  operator  can  also 
record  flight  conditions. 

Power  for  the  PORTAPAK  is  provided  by  batteries  contained  in  a  case  located  under  the  top 
plate  for  the  signal  conditioning  circuitry.  The  batteries  for  the  tape  recorder  are  located  at  the 
bottom  of  the  housing  accessible  through  a  removable  cover.  The  power  required  for  the  signal 
circuitry,  an  operational  amplifier  and  a  voltage  controlled  oscillator,  is  ±15  and  +28  vdc  respec¬ 
tively.  It  is  provided  by  six  7%  vdc  “A”  batteries.  The  necessary  power  for  the  tape  recorder  of 
+ 18  vdc  is  obtained  from  twelve  1%  vdc  “D”  size  batteries. 

The  detailed  circuit  diagram  is  presented  in  fig.  4.  The  circuitry  of  the  tape  recorder  is  not  in¬ 
cluded  in  this  diagram  since  the  tape  recorder  is  a  commercially  available  item. 


In  general  the  recording  system  is  divided  into  two  sections:  the  acoustical  section  and  the 
vibration  signal  conditioning  circuitry  section.  The  mode  for  the  recording  of  acoustical  or  vibra¬ 
tion  data  can  be  selected  with  the  main  function  switch  (S3)  located  at  the  right  hand  side  of  the 
PORTAPAK.  Operation  of  this  switch  also  applies  power  to  the  individual  signal  conditioning 
circuitry.  The  tape  recorder,  however,  is  energized  by  a  separate  function  switch  in  the  test  posi- 
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tion  which  enables  the  operator  to  monitor  the  signal.  After  the  PORTAPAK  is  energized  and  the 
desired  recording  mode  is  selected  the  signal  from  the  acoustical  transducer  and  its  cathode  fol¬ 
lower  is  applied  to  the  shorting  switch  (SI)  that  appears  on  the  front  panel  as  a  push  button  (Press  ! 
to  Short).  This  feature  enables  the  operator  to  record  a  shorted  input  before  recording  a  data 
sample  to  establish  the  noise  floor  and  subsequently  the  dynamic  range  of  the  system.  In  the  normal 
position  this  push  button  connects  the  incoming  signal  to  the  function  switch  (S3),  which  is  also 
used  in  the  acoustical  recording  mode  as  a  step  attenuator.  In  connection  with  an  operational  am¬ 
plifier  the  signal  from  the  acoustical  transducer  can  be  amplified  or  attenuated  in  increments  of  5 
dB,  from  —15  dB  to  -1-30  dB.  In  the  0  dB  position  the  input  signal  is  so  controlled  that  an  input  sig¬ 
nal  of  IV  will  not  overload  the  tape  recorder.  The  signal  level  can  be  monitored  by  a  VU  meter 
mounted  at  the  front  of  the  tape  recorder.  In  addition  to  the  step  attenuator  (S3)  the  tape  recorder 
has  a  separate  gain  control  fixed  by  means  of  a  set  screw  in  a  preset  position  and  therefore,  the  sig¬ 
nal  from  the  acoustical  transducer  is  only  controlled  by  the  step  attenuator  (S3).  To  record  voice 
transmissions  the  data  input  can  be  disconnected  from  the  tape  recorder  by  the  switch  S2  ( Press 
to  Talk).  Its  operation  connects  the  voice  microphone  from  the  H-157  headset  to  the  recorder  and 
allows  the  operator  to  record  pertinent  comments  at  the  beginning  or  during  the  recording  of 
data.  The  data  input  is  disconnected  when  the  switch  S2  is  depressed. 

The  recorded  data  may  be  played  back  through  a  loudspeaker  located  within  the  tape  re¬ 
corder.  The  playback  mode  is  selected  by  placing  the  main  function  switch  (S3)  in  the  “off”  posi¬ 
tion  at  the  tape  recorder.  In  fig.  5  the  Overall  system  response  for  the  acoustical  section  is  shown. 

Discrete  frequencies  were  applied  to  the  input  of  the  cathode  follower  and  then  recorded.  The 

data  are  presented  with  the  corrections  for  microphone,  cathode  follower,  and  tape  recorder  re-  \ 

sponses  applied. 

With  the  proper  selection  of  microphones,  sound  pressure  levels  in  a  range  from  54  to  135  dB 
can  be  recorded.  This  upper  range  can  be  extended  by  15  dB  since  the  cathode  follower  accepts 
voltage  levels  up  to  8v  (4-18  dB  re  Iv)  and  the  microphone  diaphragms  will  not  be  damaged 
when  exposed  to  these  higher  levels.  The  lower  curve  in  fig.  5  shows  the  noise  floor  of  the  system 
recorded  in  an  anechoic  chamber  with  the  microphone  attached  to  the  PORTAPAK.  It  represents 
the  actual  noise  of  the  recording  system  analyzed  in  %-octave  bands  as  a  function  of  sound  pres¬ 
sure  levels  in  dB  re  0.0002  dyne/ cm^.  The  noise  floor  of  the  anechoic  chamber  was  measured  and 
analyzed  and  found  to  be  5  to  10  dB  lower  in  these  bands.  Therefore,  the  data  presented  in  the 
lower  curve  is  the  actual  noise-floor  of  the  system. 

For  the  measurement  of  the  vibration  environments  a  linear  servo  accelerometer,  as  the 
transducer,  is  used  that  covers  the  frequency  range  of  interest  (0  to  30  Hz)  for  the  vibration 
measurements.  However,  for  the  recording  of  the  vibration  data  a  different  circuitry  is  employed. 

The  low  frequency  response  of  the  tape  recorder  is  not  sufficient  to  properly  record  the  frequency 
range  of  0  to  30  Hz.  Therefore,  a  voltage  controlled  oscillator  is  used  that  provides  a  frequency 
modulated  signal  output  which  corresponds  to  the  data  signal  introduced  at  the  input. 

Tlie  output  from  the  vibration  transducer  is  applied  to  the  switch  SI  (Press  to  Short)  and  to 
the  main  function  switch  (S3)  for  selection  of  the  vibration  recording  mode  by  the  operator.  After 
the  mode  is  selected  the  signal  is  introduced  to  an  operational  amplifier  which  attenuates  the  signal 
sufficiently  to  drive  the  voltage  controlled  oscillator  at  a  center  frequency  of  3,900  Hz  with  a  de¬ 
viation  of  ±7.5%.  The  selection  of  this  sub-carrier  band  was  made  because  the  intelligence  fre¬ 
quency  in  this  band  is  60  Hz  within  the  range  of  interest.  The  signal  output  from  the  voltage  con¬ 
trolled  oscillator  is  attenuated  to  a  level  that  does  not  overload  the  tape  recorder  if  the  maximum 
possible  signal  from  the  transducer  is  apphed.  Fig.  6 A  shows  the  frequency  response  of  the  vibra- 
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tion  signal  conditioning  circuitry  played  back  through  a  discriminator.  The  input  signal  to  this 
circuit  was  simulated  by  an  oscillator.  The  frequency  response  in  the  range  from  0  to  30  Hz  is  es¬ 
sentially  flat.  The  transducer  was  dynamically  calibrated  and  it  was  found  to  be  flat  within  ±0.2 
dB  in  the  frequency  range  of  interest. 


FREQUENCY  (Hz) 


Fig.  5.  Frequency  Response  and  Dynamic  Range  of  the  Acoustical  Recording  Section 

As  stated,  the  gain  for  the  vibration  recording  section  is  fixed,  however,  the  recording  of  dif¬ 
ferent  acceleration  levels  is  possible  by  selecting  the  appropriate  range  of  the  transducer.  In  fig. 
6B  the  dynamic  range  of  three  diflFerent  linear  servo  accelerometers  is  shown.  The  maximum 
ranges  of  these  transducers  for  acceleration  measurement  are  ±1  g.,  ±2  g  and  ±5  g.  The  voltage 
output  is  ±7.5  vdc  for  full  range  excitation.  For  displaying  the  dynamic  range  of  such  a  trans¬ 
ducer,  an  appropriate  signal  representative  of  the  different  acceleration  ranges  was  recorded  and 
reproduced  through  a  discriminator  and  displayed  on  a  graphic  level  recorder.  The  dynamic  range 
of  such  recording  is  35  dB,  whereby  the  lowest  voltage  to  be  recorded  is  approximately  8  dB  above 
the  noise  floor. 

Fig.  6C  represents  the  spectral  content  of  the  noise  level  of  the  vibration  record/reproduce 
electronics  recorded  under  different  conditions  and  as  reproduced  through  the  3.9  kHz  discrimi¬ 
nator.  The  output  signal  was  analyzed  with  a  %-octave  band  analyzer.  Curve  A  shows  the  noise 
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NOISE  LEVEL  IN  dB  RE  IVOLT 
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level  of  the  discriminator  itself  using  an  oscillator  as  the  signal  source,  the  normal  condition.  In 
curve  B  the  tape  recorder  was  used  as  a  signal  source  by  recording  a  3.9  kHz  signal  which  then 
was  reproduced  through  the  discriminator.  The  increase  in  the  noise  level  is  due  to  the  wow  and 
flutter  of  the  tape  recorder.  In  the  third  condition  the  effects  of  high  intensity  noise  on  the  record- 
ing  system  can  be  seen  ( Curve  C ) .  The  PORTAPAK  with  its  tape  recorder  was  exposed  to  high 
intensity  broadband  noise  of  150  dB  SPL,  while  recording  a  3.9  kHz  signal.  The  exposure  of  the 
tape  recorder  to  such  high  intensity  noise  causes  an  increase  in  the  wow  and  flutter  and  subse¬ 
quently  the  overall  noise  level.  However,  in  most  cases  the  PORTAPAK  can  be  protected  from 
such  exposure  by  extending  the  transducer  cable  and  operating  the  recording  system  under  a  pro¬ 
tective  cover. 
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Section  III 

DESCRIPTION  OF  COMPONENTS 


TAPE  RECORDER 

The  tape  recorder  incorporated  into  the  PORTAPAK  consists  basically  of  a  tape  transport,  a 
head  assembly  for  full  track  (single  channel)  operation  for  use  with  y4-inch  magnetic  tape  and  an 
electronic  assembly  that  contains  the  record  and  reproduce  amplifier,  bias  and  erase  oscillator. 

On  the  front  panel  are  controls  for  setting  the  record  level  for  the  line  input  (data)  and  play¬ 
back  level.  In  addition,  a  second  input  (microphone)  is  provided  that  can  be  controlled  with  a 
separate  level  control.  This  input  provides  a  higher  input  sensitivity  for  use  with  a  low  imped¬ 
ance  dynamic  microphone.  By  means  of  a  function  switch  the  record  or  playback  mode  can  be 
selected  and  monitored  at  the  VU  meter  also  located  on  the  front  panel.  A  test  position  is  provided 
for  monitoring  the  input  level  to  be  recorded  without  energizing  the  tape  transport.  The  tape  re¬ 
corder  can  also  be  used  with  an  external  power  source  in  which  case  the  external  mode  of  the  func¬ 
tion  switch  is  selected. 

An  important  feature  independent  of  the  requirement  for  faithful  recording  and  reproduc¬ 
tion  of  a  signal  ( good  frequency  response,  low  distortion,  and  high  signal  to  noise  ratio)  is  speed 
stability  to  maintain  compatibility  with  laboratory  instrumentation  recorders.  A  servo  circuit  is 
employed  in  this  recorder  to  control  and  maintain  a  constant  speed  over  a  supply  voltage  range 
from  12  to  18  vdc. 


Fig.  7.  Frequency  Response  of  Tape  Recorder  for  3  Speeds  With  Different  Equalizotions 
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The  tape  transport  operates  at  speeds  of  3%,  7%,  and  15  ips  with  equalization  both  for  record 
and  playback  conforming  with  the  CCIR  and  Ampex  Equalization  Standard.  Fig.  7  pres¬ 
ents  the  frequency  response  for  these  speeds  as  a  fimction  of  relative  amplitude  in  dB  re 
1000  Hz.  For  the  tape  speed  of  7^  ips  the  low  frequency  characteristics  with  the  two  diflEerent 
equalization  standards  are  shown.  The  best  response  curve  is  obtained  at  15  ips.  At  this  speed  the 
response  is  affected  very  little  when  the  recorder  is  used  with  different  types  of  magnetic  tape  and 
in  addition  the  tape  speed  is  compatible  with  the  laboratory  instrumentation  recorder.  The  re¬ 
cordings  were  made  at  room  conditions  with  new  batteries  and  an  input  signal  of  —10  VU. 


Fig.  8.  Noise  Floor  of  Tape  Recorder 

In  fig.  8  the  noise  level  of  the  tape  recorder  in  one-third  octave  bands  is  presented.  This  re¬ 
cording  was  made  with  a  shorted  input  and  the  overall  noise  level  is  —42  dB.  In  the  one-third  oc¬ 
tave  band  analysis  a  60  Hz  signal  predominates.  This  signal  is  attributed  to  the  square  wave  gen¬ 
erator  used  for  the  speed  control  of  the  tape  transport  as  described  earlier.  The  tape  recorder  is 
battery  operated  and  further  specifications  are  given  in  Appendix  I. 
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MICROPHONE  WITH  COMPLEMENT 

For  precise  sound  pressure  measurement  a  condenser  microphone  has  many  advantages  not 
found  with  other  conventional  microphones.  The  most  outstanding  feature  is  its  long  term  stability 
under  a  great  range  of  environmental  conditions,  due  primarily  to  its  insensitivity  to  temperature 
variations.  In  addition,  the  frequency  characteristics  of  the  condenser  microphone  cover  the  whole 
audio  frequency  range  from  20  Hz  to  20  kHz.  Condenser  microphones  have  diflFerent  sensitivities 
and  can  be  selected  for  each  individual  measurement  range  of  the  system.  It  is  well  suited  for  field 
measurements  and  easy  to  calibrate  with  standard  conventional  acoustical  calibrators  or  it  can  be 
readily  calibrated  against  laboratory  standards. 

For  these  reasons  the  condenser  microphone  was  selected  for  the  acoustical  transducer  in  the 
PORTAPAK.  The  only  disadvantage  of  this  microphone  is  the  necessity  of  a  polarized  d-c  voltage 
which  has  to  be  provided  to  the  two  electrodes  (back  plate  and  diaphragm). 

The  complete  microphone  complement  consists  of  the  microphone  cartridge  and  a  battery 
operated  cathode  follower  for  impedance  conversion  to  transform  the  high  source  impedance  of 
the  transducer  to  a  low  output  impedance  to  allow  the  use  of  a  long  eable  and  a  low  input  im¬ 
pedance  amplifier  between  the  microphone  and  recording  system. 

Two  different  microphones  are  available  for  the  PORTAPAK.  The  1  inch  microphone  cart¬ 
ridge  has  a  sensitivity  of  approximately  —45  dB  re  Iv/fibar.  The  Vz  inch  microphone  cartridge  has 
a  sensitivity  of  approximately  —60  dB  re  lv//tbar.  Sound  pressure  levels  up  to  150  dB  can  be 
measured  with  the  1  inch  microphone  and  up  to  160  dB  with  the  %  inch  microphone  without 
damaging  the  diaphragm.  The  1  inch  microphone  is  fastened  directly  to  the  housing  of  the  cathode 
follower.  When  measurements  are  made  with  the  %  inch  microphone,  the  cartridge  is  placed  onto 
the  cathode  follower  by  means  of  an  adapter.  This  adapter  is  130  mm  long  and  so  extends  the  low 
capacity  guard  ring  arrangement  between  the  microphone  cartridge  output  and  the  cathode  fol¬ 
lower  input  that  the  change  in  sensitivity  is  negligible  (—0.2  dB).  For  the  measurement  of  even 
higher  sound  pressure  levels  a  %  inch  microphone  cartridge  is  available.  However,  precautions  have 
to  be  exercised  in  calibrating  this  arrangement  since  another  adapter  is  used  which  is  attached  onto 
the  Vz  inch  adapter. 

The  cathode  follower  used  is  a  battery  operated  unit  in  which  3  small  mercury  cells  deliver 
the  necessary  polarized  d-c  voltage  for  the  microphone  eartridge,  plate,  and  filament  voltages  for 
the  vacuum  tube.  A  small  voltmeter  is  also  included  for  checking  the  battery  voltage.  It  has  a  use- 
able  frequency  range  of  20  Hz  to  20  kHz  and  with  an  8  v  input  voltage  the  harmonic  distortion 
is  less  than  2%.  Fig.  9  shows  the  two  microphones  and  the  battery  operated  cathode  follower.  A 
conventional  wind  screen  is  also  shown  that  fits  all  microphones  and  is  used  to  reduce  the  effect  of 
wind  noise. 

VIBRATION  TRANSDUCER 

For  the  vibration  measurements,  a  linear  servo  accelerometer  that  measures  acceleration  up 
to  5G  in  the  frequency  range  from  0  to  30  Hz  with  sufficient  sensitivity,  accuracy,  and  resolution 
was  selected  as  the  transducer.  This  type  of  transducer  is  a  radical  departure  from  conventional 
accelerometer  design.  It  functions  as  a  miniature  servo  system  that  is  responsive  to  input  accelera¬ 
tions  along  its  sensitive  axis  and  which  has  an  analog  voltage  output  that  is  directly  proportional 
to  the  input  acceleration.  The  servo  nulling  amplifier,  which  is  an  operational  amplifier,  is  located 
in  the  transducer  housing  and  requires  a  supply  voltage.  A  voltage  of  ±15  vdc  is  supplied  by  the 
PORTAPAK  through  a  cable  and  connector  to  the  transducer.  The  output  impedance  is  5,000 
ohms  so  that  a  longer  cable  can  be  used  without  deterioration  of  frequency  response  and  resolu¬ 
tion,  and  no  additional  amplification  of  the  signal  is  necessary. 
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The  linear  servo  accelerometer  was  statically  and  dynamically  calibrated  in  the  frequency 
range  from  2  Hz  to  30Hz  at  different  acceleration  levels.  The  cahbration  showed  that  the  response 
of  the  transducer  is  flat  within  ±0.2  dB  in  this  frequency  range  and  that  the  natural  frequency 
(200  Hz)  is  outside  the  range  of  interest. 


Fig.  9.  Transducers  and  Auxiliary  Equipment  for  the  PORTAPAK 

Field  calibration  of  this  transducer  can  be  conveniently  accomplished  by  rotating  the  position 
of  the  accelerometer  in  the  vertical  (gravity)  plane,  or  by  the  current  torque  method,  which  is  a 
unique  feature  of  this  type  accelerometer.  In  this  case  an  external  current  is  applied  through  the 
torque  coil.  The  response  of  the  entire  servo  system  of  the  accelerometer  will  be  the  same  since 
the  electro-mechanical  servo  cannot  difiFerentiate  between  the  electrical  (simulated  acceleration) 
input  and  a  true  inertial  input. 

The  transducer,  as  shown  in  fig.  9,  is  designed  for  ease  of  installation  on  board  an  aircraft  or 
helicopter.  Accelerometers  having  different  ranges  (IG,  2G  and  5G)  are  available  and  can  be  used 
with  the  PORTAPAK  as  required.  The  physical  and  environmental  parameters  of  this  particular 
transducer  is  listed  in  the  appendix  I. 

AUXILIARY  EQUIPMENT 

The  PORTAPAK  was  designed  primarily  for  the  acquisition  of  noise  and  vibration  environ¬ 
mental  data  in  and  around  aircraft  and  other  Air  Force  Systems.  In  using  such  an  instrument  pack¬ 
age  in  remote  locations  it  must  be  self-contained  and  necessary  support  equipment  must  be  on 
hand  for  the  calibration  and  checkout  before  each  test.  Fig.  9  shows  a  photograph  of  the  auxiliary 
equipment  that  is  essential  for  the  proper  recording  of  data  during  a  field  survey.  The  headset  with 
its  microphone  is  used  for  voice  transmissions  and  can  be  substituted  during  flight  operations  by  a 
helmet.  The  two  microphone  adapters  are  used  with  a  %  and  a  ¥4  inch  microphone  for  the  re¬ 
cording  of  sound  pressure  levels  which  exceed  the  dynamic  range  of  the  1  inch  microphone. 


13 


The  dcoustical  calibrator  is  a  mechanical  pistonphone  where  two  pistons  are  symmetrically 
driven  by  means  of  a  miniature  electric  motor.  It  is  battery  operated  and  provides  an  absolute 
calibration  of  the  whole  recording  system.  With  additional  couplers  it  can  also  be  used  for  the  % 
and  Va  inch  microphones.  The  sound  pressure  level  generated  by  the  pistonphone  is  124  dB 
with  a  maximum  error  of  ±0.2  dB.  The  cathode  follower  that  contains  the  microphone  cartridge  is 
also  shown.  It  is  battery  operated  and  used  for  impedance  conversion  allowing  longer  cables  and 
relatively  low  input  impedance  amplifiers  to  be  used  between  the  microphone  and  the  recording 
instruments.  In  addition  a  wind  screen  that  fits  all  microphone  sizes  is  part  of  the  auxiliary  equip¬ 
ment  and  is  used  for  recordings  during  adverse  weather  conditions  such  as  rain  and  wind. 

A  line  driver  with  250  ft  of  coaxial  cable  is  employed  when  the  PORTAPAK  is  located  remote¬ 
ly  from  the  noise  source  to  be  measured.  The  line  driver  is  a  self-contained  operational  amplifier 
which  so  drives  the  cable  that  the  frequency  characteristics  and  the  noise  floor  of  the  system  are 
unchanged. 

The  transducer  for  vibration  measurements  is  a  linear  servo  accelerometer  and  is  shown 
mounted  on  its  fixture  with  the  cable  for  connection  to  the  PORTAPAK. 

In  addition  to  the  accessories,  which  are  stored  in  the  housing  for  the  PORTAPAK,  another 
case  is  available  containing  a  battery  operated  oscilloscope  and  signal  generator.  The  oscilloscope 
is  used  for  visual  monitoring  of  recorded  data  in  the  field,  and  the  oscillator  is  used  to  record  dis¬ 
crete  frequencies  before  the  test,  which  are  required  to  identify  the  response  of  the  system  during 
the  later  analysis  of  the  data.  Additional  equipment  such  as  a  volt-ohm  meter,  cable,  etc.,  are  also 
stored  in  this  case  to  aid  in  the  performance  of  minor  repairs  and  adjustments  during  field  opera¬ 
tions  if  the  system  is  malfunctioning. 
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Appendix  I 

SPECtFICATIONS  OF  EQUIPMENT 
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TAPE  RECORDER,  KUDELSKI  TYPE  NAGRA  III 


SPECIFICATIONS 

1.  Frequency  Response: 

At  15Vsec~30  c/s  to  18.000  c/s  ±  1  dB  (30  c/s  to  16.000  c/s  ±  1.5  dB) 

At  7.5Vsec  -  40  c/s  to  15.000  c/s  it  1  dB  (50  c/s  to  12.000  c/s  ±  1.5  dB) 

2.  Distortion: 

2%  of  3rd  harmonic,  0.5%  2nd  harmonic 

3.  Signal  to  Noise  Ratio: 

At  7.5"  and  15"  ips  Record-Playback  —  62.5  dB 

4.  Speeds: 

The  Nagra  III  has  three  operating  speeds:  15",  7.5"  and  3%".  The  speed  is  changed  by  a  switch. 

5.  Inputs: 

There  are  two  mixable  inputs  in  the  Nagra  III,  with  two  separate  sensitivity  control  poten¬ 
tiometers. 

Input  No.  1  — 

Sensitivity:  0.2  to  10  mv  with  200  ohms  microphone; 

0.1  to  5  mv  with  50  ohms  microphone; 

Input  No.  2  — 

Sensitivity:  0.5  to  lOv  with  input  impedance  to  100  kohms 
10  mv  to  Iv  with  input  impedance  of  2.5  kohms 

6.  Outputs: 

Balanced  line  output:  This  line  output  is  symmetrical. 

With  a  load  not  less  than  600  ohms  +  4.4  volts  (  + 14  dB ) 

7.  Reels  to  be  Used: 

Standard  Tape  Reels  up  to  7"  diameter  ( 1200  feet  length  with  regular  tapes  like  the  Scotch 
111)  with  the  cover  open. 

Up  to  5"  (600  feet  Scotch  111)  with  the  cover  closed. 

8.  Power  Requirements: 

The  recorder  is  operated  with  12  D  size  batteries. 

Power  Consumption 

in  the  TEST  mode  85  ma. 

In  playback  mode  175  ma. 

In  recording  mode  205  ma. 

9.  Dimensions: 

Dimension  of  casing  12,5"  x  8.7"  x  4.3"  ( 318  x  222  x  112  mm ) . 

Overall  dimensions  14"  x  9.5"  x  4.3"  (354  x  240 x  112 mm). 

Weight  of  the  recorder  without  batteries  13  lb,  13  oz  (6.250  kg). 
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BATTERY  DRIVEN  CATHODE  FOLLOWER 

BRUEL  &  KJAER,  TYPE  2630 

SPECIFICATIONS 

Input  Impedance:  270  Mfl  paralleled  by  3  pF 
Output  Impedance:  less  than  30011 
Gain:  0.8  dB  ±  0.2  dB 

Frequency  Linearity:  ±0.2  dB  from  30  Hz  to  20  kHz  and  with  50  pF  at  input  ±1  dB  from  20  Hz  to 
200  kHz.  With  500  pF  at  input  (e.g.  an  accelerometer)  the  response  falls  1  dB  at  3  Hz  and  3  dB 
at2Hz. 

Total  Noise  Level:  (with  50  pF  at  the  Input)  in  the  range  20  c/s-35  kc/s:  less  than  35  uv  (de¬ 
creases  when  the  battery  voltage  decreases). 

Microphony:  the  signal-to-noise  ratio  is  higher  than  50  dB  at  130  dB  SL  when  used  with  a  micro¬ 
phone  cartridge  having  a  sensitivity  of  5  mV//xbar. 

Distortion:  less  than  4%  up  to  200  kHz  with  input  voltage  0.1  Volt  and  loaded  by  1.1  m  30  pF. 
Temperature  Influence:  less  than  ±0.4  dB  in  the  range  — 5C  to  +50C  (  +23  to  140“F). 

Storing  temperature  range:  —10  to  +72C. 

Batteries:  3  Mallory  cells  type  RMl  or  RM  1-R. 

Service  life  (with  8  hour  service  periods) :  20  hours. 

Weight  with  batteries  and  3  meters  cable:  0.6  kg. 

Tube:  CK  512  AX;  Transistors:  2  x  2N2374. 
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SPECIFICATIONS 


CONDENSER  MICROPHONES 

BRUEL  &  KJAER  TYPE  4131  (1") 
TYPE  4133  (Va") 


TYPE 

4131 

4133 

Nominal  Cartridge  Diameter 

1  inch 

^  inch 

Frequency  Response* 

Flat  within  ±2  dB  in  the  Range: 

Free-field 
(0°  incidence) 

20  c/s  to  18  kc/s 

Free-field 
(0°  incidence) 

20  c/s  to  40  kc/s 

Sensitivity*  at  cathode  follower 
output 

5mv/ ^bar 
—46  dB  re  1  v/ ixhar 

lmv//Jtbar 
—50  dB  re  1  v/ftbar 

Cartridge  open-circuit 
sensitivity* 

—45  dB  re  1  v//tbar 

—58  dB  re  1  vZ/ibar 

Dynamic  Range 

(from  equivalent  A-weighted  noise  15-146  dB 

level  to  4%  harmonic  distortion )  re  0.0002  /xbar 

32-160  dB 
re  0.0002  //.bar 

Resonant  Frequency 
(90°  phase  angle) 

10  kc/s 

25  kc/s 

Polarization  Voltage 

200v 

200  V 

Polarized  Cartridge  Capacity* 

70  pF 

20  pF 

Equivalent  Air  Volume 
( at  1  atm ) 

0.15  cm® 

O.Olcm® 

Temperature  Range:  up  to 

lOOC 

100  c 

Temperature  coeflBcient 
between  — 50C  and  +60C 

less  than  ±0.01  dB/C 

less  than  ±0.01  dB/C 

Ambient  Presure  CoeflScient 
( increase  of  sensitivity 
for  a  100  mm 

Hg  decrease  of  pressure 
around  1  atm ) 

0.2  dB 

0.1  dB 

Relative  humidity  influence 

less  than  0.1  dB  (in  the  absence  of  condensation) 

Dimensions  of  cartridge: 
without  protecting  grid 
with  protecting  grid 

diameter  height  diameter  height 

23.77  mm  ( 0.936" )  17  mm  ( 0.67" )  12.7  mm  ( %" )  11  mm  ( 0.43" ) 

23.77  mm  ( 0.936" )  19  mm  ( 0.75" )  13.2  mm  ( 0.52" )  12.7  mm  ( W ) 

Thread: 

grid  (or  coupler)  mounting 
cathode  follower  mounting 

23.11  mm  (0.91")  -  60NS2 

12.7  mm  (0.50")  -60NS2 

11.7  mm  (0.46")  -60NS2 

*Individually  calibrated. 
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LINEAR  SERVO  ACCELEROMETER 

DONNER  TYPE  4310 


SPECIFICATIONS 

Nonlinearity:  <0.05%  of  full  range 

Hysteresis  &  Nonrepeatability:  <0.02%  of  full  range 

Resolution:  <0.001%  of  f.r.,  2.5  v  ±1% 

Temp,  Coeff,  of  Null  (of  full  range) :  0.001%  per  F,  0.006%  per  F 
Output  Noise:  <0.05%  of  full  range  in  rms  volts 

Cross  Axis  Sensitivity  (Referred  to  true  sensitive  axis):  0.0002  g/g  of  applied  acceleration 
Temp.  Sensitivity  of  Scale  Factor:  0.01%  per  F 

Natural  Frequency  (W  Phase  Shirt)  (dependent  on  g  range) :  Electr.  damped:  15-250  Hz  at  25C, 
Fluid  damped:  60-150  Hz  at  25C 

Damping  Ratio:  Electr.  damped:  0.4  to  0.7  ±0.1 

0.3  to  1  ±0.1 

Fluid  damped:  1  to  5  ±  10%  at  25C 

Temperature  Range:  — 60Fto  +200F  storage 

— 40F  to  “f  200F  operating 

Shock  Survival:  100  G  11  msec 

Vibration  Survival:  15  G  rms,  bandwidth  20  to  2000  Hz 

(0.12  G2  per  Hz) 

Case  Alignment:  ±1°  to  true  sensitive  axis 
Output  Current:  3  ma  f.r. 

Electrical  Connections:  6  solder  terminals 

Weight:  4.5  oz  electrically  damped,  6  oz  fluid  damped 

Physical  Configuration:  Restangular  aluminum  case 

Range:  ±0.5  G  to  ±35  G 

Input  Power:  ±15  vdc  ±10%  at  10  ma  maximum 

Voltage  Output  —  Nominal:  ±7.55  vdc  full  scale,  ±1% 

Output  Impedance:  5  k  nominal 
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PISTONPHONE  BRUEL  &  KJAER,  TYPE  4220 

SPECIFICATIONS 
Accuracy:  ±0.2  dB 

Sound  Pressure  Level:  124  dB  re  2x  10^  ftbar  (individually  calibrated) 

Frequency:  Pos.  “Measure”:  250  Hz  ± 

Pos.  “Check”:  350  to  400  Hz  (with  new  batteries) 

Disiortion:  Less  than  3%  at  250  Hz 

Batteries:  7  Mallory  RM-3(R)  mercury  cells  supplied.  (B&K  part  No,  QB  0002)  Diameter  25.1 
mm  (0.98").  The  battery  compartment  can  also  fit  RM-4(R)  cells  (diameter  30.2  mm 
1.19"),  giving  50%  longer  service  life. 

Temperature  Range:  Batteries:  O-OOC  (32-140F) 

Pistonphone  alone:  --40  to60C  (—40  to  +140F) 

Humidity:  Relative  humidities  of  up  to  100%  will  not  influence  the  calibration. 

Dimensions:  Length:  250  mm  (9").  Diameter:  36  mm  (1.4"). 

Weight:  Pistonphone  with  batteries:  0.7  kg  (1.5  lbs.) 

Total  weight  of  the  case  containing  pistonphone,  adaptors,  and  barometer  1.6  kg/35  lbs. 
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